INTRODUCTION
Dancheong refers to the polychrome surface on traditional wooden buildings in Korea. Traditionally, inorganic mineral pigments and certain natural organic pigments are mainly used in Dancheong (Hong and Jung, 1992; Cho et al., 2001; Jang et al., 2010; Hong and Lee, 2013; Han et al., 2014; Ha, 2015; Kim, 2015; Ji, 2017; Song, 2018) . However, since around the 19th century, industrially produced synthetic pigments, such as emerald green or ultramarine blue, were introduced and used in Dancheong. Since around the 1970s, new synthetic organic pigments were also introduced and used for Dancheong (Bureau of Cultural Property, 1972; Jang and Han, 1993; Jeon, 2005; Moon, 2010; Byun, 2014; Oh et al., 2015) . Green colors in Dancheong best represent this historic change in material and have the largest variation in color-mixing recipes. Thus, green pigments can help in estimating manufactured or restored periods. Current scientific analysis methods carried out for Dancheong mainly require direct contact on the surface, surface damage is inevitable and safety concerns can arise. In addition, these methods focus more on the analysis of inorganic pigments.
Therefore, the use of a non-contact method capable of analyzing organic pigments is desirable to overcome these limitations.
To this end, we proposed hyperspectral analysis as an alternative for the pigment identification of Dancheong, which focuses on the green colors present in Dancheong. The pigments Research Article were selected by considering their use in modern and contemporary Dancheong, and they were made into samples using various mixing ratios and recipes. Through hyperspectral analyses, four main features were derived that can distinguish the types of pigments used for the color mixture. Based on the analytical results, a flowchart was designed for the pigment identification of green Dancheong. The results were examined and modified by actual on-site applications. This study is the first attempt to propose the application of hyperspectral analysis to modern and contemporary Dancheong. Further investigation of the proposed methods can provide a foundation for a faster and safer analysis environment for Dancheong sites.
EXPERIMENTAL METHODS

Materials
In this study, several pigments were selected considering their practical usage in modern and contemporary Dancheong (Bureau of Cultural Property, 1972; Jang and Han 1993; Cultural Heritage Administration, 1994; 2005; 2013; 2014; Kim et al., 1999) . They were made into samples using acrylic emulsion adhesive(Polysol 506) as a binder and painted on a pinewood panel. The selected pigments and their historical usage in Dancheong are described as follows (Table 1) . Identified in Jungakdan, Gyeryong mountain, built in 1879 (Song, 2018) . Frequently used in Dancheong until its manufacture was banned in the 1990s.
PG
Phthalocyanine green PG7 74260
C32H3Cl13CuN8 to C32HCl15CuN8; C32H16CuN8Cl15;
(Polychlorinated Copper Phthalocyanine)
1938 2) 1938 2) -Pigment green(PG8, 1006) was listed in "Experiment report on Dancheong pigment" in 1972, but was soon replaced with Cyanine green(PG7, 74260) after 1974. Widely used to make Noirok color after 1970s. Started to be used for Yangrok color since publication of "Studies on the substitution pigment of Dan-Chung" in 1999, and also listed in the "Standard specification for repair of cultural properties (1999)" afterwards. Fitzhugh et al., 1997. 2) Dahlen, 1939; Gettens and Stout, 1966. 3) Roy and Plesters, 1993. 4) '-' : Not identified. The chromaticity was measured using a chromometer (CR-400, Konica Minolta, JPN) with D65 illumination in a 2° field of view. The measured value was presented as the value L*a*b* in the CIELAB color space. However, the data for Jungakdan was quoted from advanced research (Song, 2018) .
CG
Hyperspectral analysis
Hyperspectral analyses were carried out to acquire the reflectance spectra of objects. The device used for the samples and Jowoljeong was a hyperspectral camera PS-V10E (Specim, FIN) , which covers the wavelength range from visible light to near infrared(400-1000 nm) using a prism-grating-prism (PGP) spectrograph and interline charge-coupled device (CCD) sensor. For Jungakdan, another hyperspectral camera FX10e (Specim, FIN) was used, which is also capable of spanning a wavelength of 400-1000 nm using a PGP spectrograph and a complementary metal-oxide semiconductor (CMOS) sensor.
Specifications of both devices are described in Table 4 .
Basically, in the default setup, PS-V10E has a larger number of pixels and bands compared to FX10e, and it also has a higher spectral resolution. However, this could be adjusted by manipulating settings such as binning (Table 4 ). Both devices are operated with a rotary scanner( Figure 1 ). Specific measurement conditions are described as follows (Table 5) . A calibration card (100%, 18%, Lastolite, GBR) was implanted beside the object to ensure exposure under the same illumination conditions, and the results were obtained within the same frame of the image (Figure 1 ). After the measurement,
Acquisition setting Samples Site
Jowoljeong Jungakdan the reflectance spectra were extracted using the ENVI Classic program. Normalization was carried out by using a white reference in each image and removing dark current. The reflectance spectra were extracted from the region of interest (ROI) in the acquired image by averaging the values of selected pixels. ROIs were selected in an unshaded area from the image. In the case of the site image, several points were selected in narrow pixels, avoiding borderlines where pixel segmentation could be difficult, because borderlines could be blurred depend on focusing. The final data were smoothened in order to reduce the signal-to-noise-ratio (SNR).
Site application
Hyperspectral analyses and conventional methods were applied on two different site objects. pigments also exhibited individual characteristics, and they are also illustrated in Figure 3 . When white pigments were added to the same amount of PG, TW and PW exhibited a similar profile change (Figure 4 ).
As the amount of TW and PW increases, the reflectivity over the entire region increased. The major peaks maintained high and narrow shapes. The characteristic minor peaks of PG also exhibited an increased reflectivity, but their locations were shifted from 673 and 752 nm to 710 and 770 nm, respectively.
In the infrared region, the reflectivity increased rapidly after 800 nm. However, OW-mixed samples present slightly different features as greater amounts of OW were added. The approximate locations of the major peak and minor peaks, as well as the reflectance pattern in the infrared region remained approximately constant. However, the major peaks tended to be redshifted, and reached 510 nm when the largest amount of OW was added, exhibiting a lower and broader shape in comparison (Figure 4 ).
In the case where IY or UB was added to the PG samples, although they maintain the basic profile of PG, gradual changes were observed, especially in their major peak. The inflection point of major peaks tended to be redshifted or blueshifted, respectively, from the point at which a certain ratio of IY or UB was added (Figure 4 ). In the case of the PG+IY 7 sample, the major peak appeared near 555 nm;
however, PG+UB 7 showed its major peak at 475 nm.
Otherwise, the basic profiles remained constant. Minor peaks were appeared constant at 710 and 770 nm, and in the infrared range, the reflectance started to increase gradually after 800 nm. Figure 5 ).
These results indicate that when PG is the main pigment, clearly identified with its major peak at 540 nm and reflectance pattern above 720 nm. The existence of PBk can be verified by comparing the ratio between the intensity of the major peaks at 540 nm and that of 800 nm.
EG and their mixtures generally exhibit a major peak near 520 nm without any minor peak or increase of reflectance in other ranges.
Flowchart design for identification of green pigments of modern and contemporary
Dancheong using hyperspectral analysis By comparing data obtained from different samples, it was possible to determine four main factors that can differentiate between the green pigments that were mainly used for green colors of modern and contemporary Dancheong as follows.
1) Appearance of the major peak in the green wavelength range(495-500 nm)
2) Shape and intensity of the major peak 3) Existence of minor peaks 4) Reflectance pattern in the infrared region(above 700 nm)
Based on this, a pigment-identification system could be designed in a flowchart format( Figure 6 ).
The pigment combination that can be interpreted with their reflectance spectra can be distinguished into three groups, namely, PG and their mixture, CG and their mixture, and EG and their mixtures. Because it has been proven that for white pigments TW, OW, and PW, there is little difference in terms of their reflectance, they were grouped together as "Whites."
The location of the major peaks is the first condition. They can approximately be classified into three groups near 500 nm, 520 nm, and 540 nm.
In the case of 520 nm, the sample with EG and their mixture falls within this category. PBk does not affect the location of their major peak, whether it is mixed or overlaid. However, their intensity in the major peak significantly decreased, whereas there were few changes in the infrared region. Thus, it is possible to differentiate them from solid EG by comparing the intensity ratio between the major peak and at 700 nm. In the case of EG, the ratio exceeds 10, while it was less in the others. However, using only the reflectance features, it is difficult to ascertain whether PBk was mixed or overlaid. Figure 6 . Flowchart for identification of green pigments of modern and contemporary Dancheong using hyperspectral analysis. Finally, when the major peak is located near 540 nm, PG+IY, CG, CG+PBk, and EG+CG+PBk are in agreement.
The next step that is employed to classify them involves their minor peaks when they appear at 710 and 770 nm, and it can be identified as PG+IY. However, the minor peak near 410 nm is a characteristic feature of CG and a CG-based mixture.
CG and CG+PBk can be distinguished based on the ratio between the intensities of the major peak(540 nm), and thereof 800 nm, where the reflectance in the infrared region becomes constant at a certain level. When only CG was used, the ratio becomes more than three times, while it is less than that when PBk was mixed. In the case of EG+CG+PBk however, any minor peak is not observed.
3.6. Site application 3.6.1. Jungakdan, Gyeryongsan
1) Surface-contact analysis
In an advanced study, the Yangrok color in Jungakdan was measured as L* 46.5(±5.3), a* -1.1(±4.0), b* 12.1(±3.6). Further, it was observed that it consisted mainly of green particles and a few colorless transparent crystals. Cu and As were detected, and their ratio of Kα was nearly 1:1.7 by counts per second.
In addition, a small amount of Ba was detected, indicating that the transparent crystals could be Barium sulfate(BaSO 4 ).
Therefore, the pigment used in Yangrok in Jungakdan could be presumed to be Emerald green or another Cu-As pigment mixed with a small amount of Barium sulfate.
On the other hand, the Hayeop color was measured as approximately L* 35.7(±5.7), a* -3.2(±5.4), b* 10.2(±2.1).
Further, it was observed that it consisted mainly of green particles and few colorless transparent crystals. Cu and Cl were detected as the principal components, with small amounts of Ca, Fe, Zn, As, Ba, and Sr. In addition, the intensity of Cu was higher than that of As. Therefore, Hayeop in Jungakdan could be assumed to be a mixture of copper corrosion(patina) based greens and Emerald green, which were used in the Yangrok color.
2) Hyperspectral analysis
The spectra were extracted from five different points by selecting a narrow space for pixels in well-preserved paint layers. Overall, both Yanrok and Hayeop exhibit very low reflectance levels.
In the case of Yangrok, the major peaks generally appeared near 550 nm; however, at some points, they were located near 530 nm, and no minor peaks were observed at any point (Figure 7) .
The designed pigment-identification flowchart presented above was applied on the Yangrok colors in Jungakdan.
The main pigment could be classified as being Emerald (Figures 8 and 9) . 
In the hyperspectral analysis, Noirok and Yangrok in Jowoljeong exhibit their major peaks near 500 nm and 510 nm, respectively, and Yangrok has a higher reflectance overall. However, they have minor peaks at 710 and 770 nm, and there is a gradual increase in the reflectance after 800 nm. Those spectral factors correspond to the characteristics of PG. Upon a comparison of PG+Whites samples from this study, they appeared to exhibit more broadening in the major peak, especially Yangrok, yet they were not shifted or severely biased as was the case of those of PG+Whites+IY or PG+Whites+UB samples. Compared with PG+Whites+UB+IY samples, the top of the major peak in Noirok and Yangrok was generally not extensively broadened, then only broadened at both ends. Hayeop presents characteristic spectral features of CG, including a major peak at 540 nm, a minor peak at 410 nm, and reflectance patterns in the infrared region( Figure 10 ).
For Noirok color in Jowoljeong, it could be easily determined that PG was used as the main pigment for green color. It was also classified as PG+Whites+UB+IY using the major peak location and peak-broadening steps in the pigment-identification flowchart.
For Yangrok, it could also be easily determined that PG was used as the main pigment for green color. It was also classified as PG+Whites+UB+IY using the major peak location, minor shift in the major peak, and peak-broadening steps in the pigment-identification flowchart. However, these results are incompatible with the result obtained from the surface-contact analysis, which indicated that no other colored pigment was used, other than Ca, Ti-based white pigment, and green dyeable pigments.
On the other hand, Hayeop was classified as solid CG in the pigment-identification flowchart based on its spectral Figure 10 . Comparison of Jowoljeong green colors with Dancheong color samples. 358 | Journal of Conservation Science Vol.35, No.4, 2019 features. This corresponds to the results obtained from the surface-contact analysis (Figure 11 ).
Complementation of Flowchart
In this study, a pigment-identification flowchart was designed for the green colors of modern and contemporary Dancheong based on their spectral features. As a result, this flowchart could identify the main green pigments.
Furthermore, it also helped to determine which other pigments were mixed in the colors. In the case of assumption ①, this corresponds to the case of Jowoljeong Yangrok and Noirok.
The broadening and minor shift in the main peak were assumed to result from the white or extender pigment. More specifically, based on advanced research on the material supply situation on manufacturing sites at that time (Lee et al., 2008) , it is assumed that less refined and defected Oystershell was examined in this study by adding the same constant ratio of OW and UW to the same amount of PG. The greater the amount of UW that was added, the major peak became broader and lower, unlike the case with refined OW. The minor redshift in the major peak of Jowoljeong Yangrok can be explained by the phenomenon that happens when a large amount of OW is added to PG. Therefore, in such a case, it could be understood to some extent by investigating the impurity content in the pigment used in the field, and by studying the effect on them. However, it would be timeconsuming and tedious to consider all of the possibilities. In conclusion, this study confirmed the potential of the hyperspectral technique as a pigment identification method for modern and contemporary Dancheong. The development of a database that reflects various materials, mixing ratios, painting techniques, and other external interference factors is expected to provide a foundation for faster and safer analysis environments at the Dancheong site.
ACKNOWLEDGMENTS
This work was carried out as a part of the <Development of diagnostic and analytical techniques for preservation, certification, and identification of modern paintings> project, which was led by the Korea Creative Content Agency,
CON-TECH, University Enterprise, Korea National
University of Cultural Heritage.
